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INTRODUCTION
Small RNAs, including micro RNA (miRNAs), small interfering RNAs (siRNAs), and Piwi-interacting RNAs (piRNAs), are central players in RNAi pathways. These molecules recognize their gene targets by sequence matching and induce gene silencing via effector proteins such as the Argonaut-family proteins (Filipowicz et al., 2008; Ha and Kim, 2014; Kim et al., 2009 ). The latest miRNA database (miRBase) indicates that there are more than 2,600 identified miRNAs that regulate most of the protein-coding genes in human, indicating a significant role of small RNAs in many cellular processes (Friedman et al., 2009; Ha and Kim, 2014; Kozomara and Griffiths-Jones, 2014) . Small RNA biogenesis normally involves steps in which specific endoribonucleases, such as Drosha and Dicer, consecutively cleave long RNA precursors with double-stranded features into final short double-stranded RNAs (dsRNAs) (Han et al., 2004; Kim et al., 2009; Lee et al., 2002 Lee et al., , 2003 . In humans, a singlecopy hDicer is responsible for the last cleavage step, which processes a diverse range of precursors into duplex products that have a common feature of a 5 0 phosphate, 2 nt 3 0 overhang and a length of approximately 22 bp (Ambros et al., 2003) . The duplex products are finally loaded into Argonaut proteins to form silencing complexes (Bernstein et al., 2001; Betancur and Tomari, 2012; Kim et al., 2014 Kim et al., , 2016 . The small RNA biogenesis, especially the Drosha and Dicer processing, is highly regulated by cofactor proteins, RNA precursors, and post-transcriptional modifications (Castilla-Llorente et al., 2013; Heale et al., 2009; Heo et al., 2012; Lee and Doudna, 2012; Lee et al., 2006; Starega-Roslan et al., 2011) . The mechanism and regulation of these processes, however, remain enigmatic.
As a member of the endoribonuclease III family, the 218 kDa hDicer protein harbors two RNase III domains (RNase IIIa and RNase IIIb) and a dsRNA-binding domain (dsRBD) in its C-terminal region, all of which are conserved in other RNase III proteins including Dicers in other eukaryotic species, eukaryotic Droshas, and the bacterial RNase IIIs (Bernstein et al., 2001; Blaszczyk et al., 2004; Court et al., 2013; Nicholson, 2014) . Different from other RNase III proteins, hDicer has an N-terminal DExD/H-box helicase domain, a DUF283 domain, a Platform domain, and a PAZ domain ( Figure 1A ) (Bernstein et al., 2001) . The DExD/H-box helicase domain has been shown to bind certain hDicer-associated proteins and the terminal loop of pre-miRNAs (Daniels et al., 2009; Du et al., 2008; Lee et al., 2006; Ota et al., 2013; Tsutsumi et al., 2011) . The DUF283 domain is expected to have a similar fold to dsRBD based on computational prediction (Dlaki c, 2006) . A more recent study verified that the DUF283 domain from hDicer is capable of binding single-stranded nucleic acid (Kurzynska-Kokorniak et al., 2016) . The PAZ domain, conserved with respect to the same domain in Argonaut proteins, is responsible to anchor the 3 0 2 nt overhanging end of a duplex RNA substrate (Tian et al., 2014) .
The multi-domain nature of hDicer lends versatile regulatory mechanisms to its nuclease activity. The DExD/H-box helicase domain causes an auto-inhibition of hDicer (Ma et al., 2008) . It has been reported that hDicer-associated proteins, including TRBP, PACT, and ADAR1, bind to the DExD/H-box helicase domain and regulate hDicer's dicing activity as well as substrate selection and the cleavage site of pre-miRNAs Daniels et al., 2009; Lee et al., 2006; Wilson et al., 2015; Das and Carmichael, 2007; Ota et al., 2013) . The structure of RNA substrates also affects hDicer's activity and site selection (Gu et al., 2012; Ma et al., 2008) .
Despite all these functional and biochemical studies, the lack of a high-resolution structure of the full-length hDicer remains a major hurdle in understanding its processing mechanism. Until now, limited structural knowledge of hDicer has been obtained mainly from crystal structures of its RNase III homologs, domain fragments, and low-resolution EM reconstructions. These include the structure of Aquifex aeolicus RNase III (AaRNase III) enzyme mutant Aa-D44N bound to RNA at 2.05 Å resolution (Gan et al., 2006) , Giardia intestinalis Dicer (GiDicer) at 3.33 Å resolution (Macrae et al., 2006) , and human Drosha (hDrosha) in complex with the C-terminal helix of DGCR8 at 3.2 Å resolution (Kwon et al., 2016) . Several individual domains of hDicer have also been successfully determined by X-ray crystallography (Takeshita et al., 2007; Tian et al., 2014; Wilson et al., 2015) . Our group and others (F) Cartoon model of hDicer's RNase III intramolecular dimer with the Ca atoms of important residues labeled as spheres. The residues involved in the dimerization of two RNase III domains are in blue, and the residues composing the catalytic sites are in red. The cyan spheres represent the residues comprising the hydrophobic cores of each RNase III domain. Among them, L1323, I1327, A1579, L1581, F1582, L1583, and L1586 are for the RNase IIIa domain, and I1716, L1721, V1830, W1831, V1833, P1836, M1837, M1838, P1840, L1841, and I1842 are for the RNase IIIb domain. A cylinder topology of hDicer's processing center is shown at the right-bottom corner. The four most conserved helices are highlighted with different colors following the nomenclature of AaRNase III. See also Figures S1, S2, and S3. have used single-particle electron microscopy to reconstruct hDicer at $20 Å resolution revealing its preliminary architecture as an L-shaped molecule (Lau et al., 2009 (Lau et al., , 2012 Taylor et al., 2013; Wang et al., 2009) . The structure of a full-length hDicer, which is three times of a GiDicer's molecular weight and represents the largest and the most complex member of the RNase III family, still awaits to be solved toward a thorough understanding of the enzyme's mechanism.
Using single-particle cryoelectron microscopy (cryo-EM) reconstruction, we solved the structure of hDicer-TRBP complex at a near-atomic resolution and built an atomic model of hDicer. We also obtained reconstructions of the hDicer-TRBP complex bound with pre-let-7 RNAs in two distinct conformations, one with an intact stem duplex and the other with the stem partially splayed. Combined with RNase protection and RNA-probing assays, these structures revealed a function of the hDicer-TRBP complex in stabilizing the stem duplex of pre-let-7 in a substrate-loading state. Guided by the structural information, we performed biochemical analysis of hDicer's activities and revealed a unique regulatory mechanism of the protein's DExD/H-box helicase domain in the pre-miRNA processing.
RESULTS

Structure of hDicer-TRBP Complex
Human Dicer-TRBP complex with cleaving activity was expressed and purified from 293F cells (STAR Methods; Figure S1 ).
We succeeded to embed the complex particles in vitreous ice with optimal thickness and collected cryo-EM datasets (STAR Methods; Figure S2A ) to obtain a 3D reconstruction of the hDicer-TRBP complex with an average resolution of 4.4 Å (gold-standard Fourier shell correlation at 0.143) ( Figure S2) . Although a few peripheral regions of the complex are limited to lower resolution due to potential flexibility, the complex's core region is well defined. The overall L-shaped architecture of hDicer-TRBP with fine detail allowed us to determine the accurate 3D positions of most folded domains within hDicer and build atomic models within them (STAR Methods; Figures S1, 1B, 1C, 1D, and S2; Movie S1). The residues 1074-1287 and residues 1378-1552 of hDicer are undetermined because of the high flexibility of these fragments ( Figure S3A ).
The multiple domains of hDicer ( Figure 1A ) arrange in a rather peculiar topology as revealed in the structure ( Figures 1B-1D ). Consistent with previous studies (Lau et al., 2012; Taylor et al., 2013; Wang et al., 2009) , the N-terminal DExD/H-box helicase domain occupies the bottom part of the L-shaped structure of hDicer, the PAZ domain sits on the top part of hDicer, whereas the C-terminal RNase III domains form an intramolecular dimer in the middle of the molecule ( Figures 1C and 1E ). The DUF283 domain sits around the joint between the two arms of the L-shaped protein and has an abbba fold resembling a dsRBD domain ( Figures 1B and S4A ). Through a long linker of $40 residues, which can be modeled to fit in an obvious but poorly resolved density extending along the side of RNase IIIa domain (Figures S3B and S3C) , the DUF283 domain is connected to the Platform domain and PAZ domain on the top of the L-shaped structure. A Connector a helix motif that is conserved in GiDicer and hDrosha runs through the whole Platform domain to fix the PAZ domain at one end of the Connector helix ( Figures 1B, 1C , 1D, and S4C). The other end of the Connector links to a region of unknown function, corresponding to residues 1074-1287, sitting on the back of the L-shaped molecule close to the RNase IIIa domain. This unknown region, potentially facilitating the interaction between the RNase IIIa and the Platform domains, is visible in some 2D class averages but not well defined in the 3D reconstruction, indicating its flexible nature (Figures S3D and S3E) . Another segment of residues (1378-1552) as an insertion within the RNase IIIa domain is too flexible to be identified in the EM map ( Figure S3F ). Likewise, a flexible property applies to the very C-terminal dsRBD that emanates from the RNase IIIb domain in the middle of the protein ( Figure 1D ). This domain lacks a clear indication of its orientation, suggesting its potential role in recruiting RNA substrates. In summary, the processing center (RNase IIIab dimer) is located in the middle of the hDicer molecule with multiple domains surrounding it, providing ample regulatory possibilities of the enzyme ( Figures 1C and 1E) .
TRBP is hDicer's cofactor protein and is made up of three tandem dsRBD domains ( Figure 1A) , and biochemical data have demonstrated that the third dsRBD domain interacts with Dicer's DExD/H-box helicase domain (Daniels et al., 2009 ). Our 3D reconstruction shows an obvious density corresponding to TRBP's third dsRBD domain attached to the very tip of hDicer's DExD/H-box helicase domain, whereas the other portions of TRBP are not resolved ( Figures 1C and 1D ). This further confirms that the tandem dsRBDs of TRBP do not associate with each other, and that they have high degrees of freedom in facilitating RNA-substrate recruitment to hDicer.
Comparison between Human Dicer and Other RNase III Family Members Human Dicer shares similar C-terminal domains with its RNase III homologs but differs in the composition of the N-terminal regions ( Figure 1A ). In agreement with the high level of sequence-conservation of the RNase IIIa and IIIb domains among homologous proteins (Mendeley Data Figure 1B , https://doi.org/10.17632/ bkz8c3js49.1), the atomic models of the dimeric RNase III domains from typical RNase III family members can be superimposed with an average root-mean-square deviation (RMSD) of only 1.51 Å ( Figure S4B ). In each of the RNase III domains, eight typical a helices that compose the RNA catalytic center are highly conserved both in secondary and tertiary structures (Figure S4A and Mendeley Data Figure 1B , https://doi.org/10. 17632/bkz8c3js49.1). A hydrophobic core formed by the eight a helices in each RNase III domain is likely responsible to maintain the structure ( Figures 1D, 1E , 1F, and S4B). It is worth noting that L1583 at the center of the RNase IIIa domain's hydrophobic core, when mutated to arginine, causes Familial Pleuropulmonary Blastoma (Hutvá gner et al., 2001) , probably due to a disruption of the protein's native fold. The RNase IIIa and IIIb domains of hDicer form an intramolecular dimer mainly through a hydrophobic lateral interaction between the two antiparallel a3 helices of each domain, where hydrophobic residues including M1317, F1332, F1706, Y1714, and Y1721 intertwine with each other (Figures 1F and S4A ). These interactions maintain a highly conserved spatial arrangement of the RNase catalytic sites composed of residues E1316, D1320, D1561, and E1564 of the RNase IIIa domain and residues E1705, D1709, D1810, and E1813 of the RNase IIIb domain to cleave a dsRNA into a product with precise 2 nt 3 0 overhang ( Figure 1F ). This emphasizes the fidelity of the RNase III active center through evolution.
Superposition of the atomic models of hDrosha, GiDicer, and hDicer in their RNase III domains unveils both common and distinct structural features within these eukaryotic homologs. All three proteins have a Connector a helix that links the RNase IIIa domain to the PAZ domain ( Figures S4C and S4D ). These Connector helices have a similar length of 30 amino acids ($45 Å ), and they are all encircled by the Platform domain. The Connector a helix adopts almost the same structure in hDicer and hDrosha but bends to a different direction in GiDicer (Figure S4C ). This causes a different PAZ domain orientation between hDicer and GiDicer, implying different RNA-processing patterns by them (see Discussion later). Around the intramolecular RNase III dimeric processing center, hDicer has a C-terminal dsRBD domain connected to the RNase IIIb domain and a dsRBD-like DUF283 domain sitting at a symmetric position, close to the RNase IIIa domain ( Figure S4D ). This spatial arrangement is similar to that of the AaRNase III dimer ( Figure S4D ). In contrast, hDrosha has only one dsRBD at the C terminus and GiDicer has no dsRBD ( Figure S4D ). Such an architecture surrounding hDicer's processing center implies a possible mechanism by which recruitment and processing of dsRNA substrates is regulated via the dsRBD and DUF283 domains, similar to what has been proposed in the AaRNase III dimer.
Structure of hDicer-TRBP in Complex with Pre-let-7
In order to better understand hDicer's interaction with its RNA substrates, the hDicer-TRBP-pre-let-7 complex was assembled in a buffer containing Ca 2+ , which maintains the protein-RNA interaction but inhibits the dicing activity ( Figure S1C ). Cryo-EM analysis of the hetero-trimeric complex revealed the coexistence of two dominant conformers that shared a very similar structure to that of the hDicer-TRBP portion but demonstrated distinct RNA densities bound to the protein (Figures 2 and S5 ). In one reconstruction at 4.7 Å resolution, the RNA density adopts an intact stem duplex for pre-let-7 (class I); in the other reconstruction at 5.7 Å , the density corresponding to the pre-let-7 stem is partially splayed (class II) (Figures 2 and S5 and Movie S2). The ratio of particle numbers between the two classes is 2:1.
In the class I reconstruction, a right-handed spiral-like density, spanning between hDicer's PAZ domain and the DExD/H-box helicase domain, shows clear major and minor grooves, accommodating a predicted 3D model of prelet-7 with an A-form dsRNA stem structure ( Figures 2A-2D , 3E, and S5). Consistent with previous biochemical and structural data (Macrae et al., 2006; Tian et al., 2014; Tsutsumi et al., 2011) , the 3 0 end of pre-let-7 fits in the 3 0 end binding pocket within the PAZ domain (Figure 2B) . Interestingly, the 5 0 end of pre-let-7 does not interact with the PAZ domain in our structure. The other end of the RNA stem can be clearly identified to interact with hDicer's DExD/H-box helicase domain (Figures 2A, 2C , and 2D). Although the density corresponding to the terminal loop of pre-let-7 is not well defined in the 3D map, the pre-let-7 model can be roughly oriented by 2D class averages of the complex, where signal for the pre-let-7 terminal loop can be detected ( Figure 2E ). In addition to the PAZ and DExD/H-box domains serving to anchor pre-let-7 from the two ends, the dsRBD holds the middle portion of pre-let-7 ( Figure 2A ). Such a configuration of pre-let-7 in the complex keeps the RNA in a position away from the RNA-processing center, implicating a possible substrate-loaded state of hDicer before the dicing reaction.
In the class II reconstruction, the protein portion maintains the same structure as in class I reconstruction. The first 12 bp of prelet-7 stem (counted from 5 0 termini) also adopts a very similar shape as in class I reconstruction ( Figure 2G ). The second half of the stem, however, shows an unexpected feature of separation of the two RNA strands in pre-let-7's stem region from the 13th nt (counted from the 5 0 termini) (Figures 2F-2I, and 3F). The terminal loop of pre-let-7 cannot be modeled in the EM density at all, implying its high-flexibility nature. The interface between the pre-let-7 RNA and hDicer's DExD/H-box helicase domain also adopts different shape in this reconstruction than in class I reconstruction ( Figure 2H ). This suggests that hDicer's DExD/H-box helicase domain has a high tolerance to various RNA-terminal loop structures.
The cryo-EM reconstructions also illustrate TRBP's interaction with hDicer and the RNA substrate. As expected, in the 3D maps of the hDicer-TRBP complex and the hDicer-TRBP-pre-let-7 complex, the interaction between the third dsRBD domain of TRBP and HEL2i is clearly resolved. In contrast, the first two dsRBD domains cannot be unambiguously defined in the 3D maps, although some sporadic densities surrounding the dsRNA stem of pre-let-7 within the reconstructions could be detected potentially corresponding to the dsRBDs (Figures 2A and S5E ). There is also a noticeable bulge density attached to the middle of the RNA stem of class I reconstruction possibly corresponding to one of the two dsRBDs ( Figure 2A ). This agrees with a previous model that the long-range flexibility of TRBP allows it to capture and feed RNA substrates to the RNA-interacting functional groups in Dicer through the first two dsRBDs but may not necessarily bind the RNA substrates in a well-defined manner.
The two reconstructions illustrated that the hDicer-TRBP complex can load at least two different conformers of pre-let-7 RNA with either an intact stem duplex or a partially separated stem beyond the first 13 bp. On the other hand, however, the dicing reaction of hDicer-TRBP on pre-let-7 produced a precise 22 bp product when Mg 2+ was introduced into the pre-reconstituted hDicer-TRBP-pre-let-7 complex ( Figure S6B ). These seemingly contradictory experimental results led us to investigate the structural variation of pre-let-7 in the presence and absence of the hDicer-TRBP complex.
Stabilization of Pre-let-7's Stem Duplex by hDicer-TRBP Complex Our observation of two different conformers of pre-let-7 RNA in the hetero-trimeric complex made us wonder whether the RNA conformational variation is an intrinsic property of the free prelet-7 RNA or induced by the hDicer-TRBP complex. Because (E and F) The model of RNAs traced in the EM density of hDicer-TRBP-pre-let-7 class I and class II conformations, respectively. See also Figure S6 .
an in vitro synthesized and refolded pre-let-7 RNA substrate was used in all the experiments in this work, we performed biochemical characterization of the RNA, verifying its chemical homogeneity and proving that it can be precisely diced into a 22 bp product ( Figures S6A and S6B) . Although pre-let-7 can be predicted as a hairpin structure with a stem duplex and a loop in the middle, there is no experimental structure of the RNA by itself. We used a combinational approach of RNase-limited digestion and RNA probing to analyze the secondary structures of the RNA in the absence and presence of the hDicer-TRBP complex. We used the endonucleases RNase T1 and RNase A, which specifically cleave G and U/C, respectively, within single-stranded RNAs, to digest free pre-let-7 in the presence of Mg
2+
. As expected, we observed some clear cleavage patterns within the predicted loop region of the RNA (G25, G26, G27, U29, C30, C38, G44, G45, G46, G47) (Figures S6C and S6D) . Some unexpected cleavage patterns were observed within the predicted stem region (U9, U16, U18, G20), indicating a separation of the RNA strands within the stem. This behavior of pre-let-7 was further confirmed in an RNA probing assay that used NAI-N3 to probe the single-stranded nucleotides within RNAs ( Figures 3A and 3B ). These results indicated that free pre-let-7 may adopt different conformations in solution with various stem stabilities. Therefore, the different shapes of RNA in the hDicer-TRBP-pre-let-7 complex may reflect the loading of preexisting various conformers of pre-let-7. Interestingly, the pre-let-7's stem became more stable in the presence of hDicer-TRBP as revealed by the RNA-probing assay ( Figures  3A-3C ). Consistently, the RNase A digestion assay showed a much weaker cleavage pattern within the stem region but not the loop region when hDicer-TRBP was present (U16 and U18 in Figure 3D ). These results suggested that the hDicer-TRBP complex could promote pre-let-7 into a conformation with a more stable stem duplex. Alternatively, the hDicer-TRBP complex might prefer to bind pre-let-7 conformers with a more intact stem duplex and drive the conformational equilibrium of prelet-7 toward a stable state. Therefore, the class I reconstruction of the hDicer-TRBP-pre-let-7 complex probably represents a pre-dicing state of pre-miRNA.
Structural Basis for RNA Cleavage-Site Selection by hDicer We compared the interaction between the pre-let-7's hairpin end and hDicer's PAZ domain in our class I structure of the hDicer-TRBP-pre-let-7 complex with the previously solved crystal structures of hDicer's Platform-PAZ-Connector helix cassette in complex with short siRNAs (Tian et al., 2014) . We found that the protein portion of the cassette in our cryo-EM structures is very similar to that of the cassette bound with a 16 bp short RNA in crystals, in which the hDicer-specific helix is melted (Figures 4A and 4B) . However, the RNA substrate sits in a distinct orientation in our cryo-EM structure relative to that in the crystal structure. The dsRNA in the crystal structure is positioned toward the surface of the hDicer Platform, whereas in our structure the RNA orients away from the Platform. As a result, the pre-let-7 5 0 end is more than 15 Å away from the potential phosphatebinding pocket of the Platform domain in our structure ( Figure 4A ). It was postulated that the protein structure of the cassette with a disordered hDicer-specific helix represents a cleavage-competent state of hDicer (Tian et al., 2014) . Indeed, if we adjust prelet-7 RNA's duplex stem in the same orientation as in the crystal structure, the RNA would swing about 30 degrees and lie against the Platform and RNase III domains for cleavage ( Figure 4A ). The melting of the hDicer-specific helix in our structure indicates that hDicer is already in a state to bring the RNA substrate into the processing center, further supporting the notion that the class I structure may represent a substrate-loading state.
We used the crystal structures of the dimeric AaRNase III-dsRNA complex (PDB: 2EZ6) and hDicer Platform-PAZConnector cassette-16-mer dsRNA complex (PDB: 4NHA) to dock a model of A-form dsRNA onto the atomic model of hDicer's processing unit ( Figure 4C ). In such a model, the dsRNA has a 2 nt 3 0 -overhang binding to PAZ domain's 3 0 end binding pocket and lies against the processing-unit catalytic side surface with its double-stranded stem held by the dsRBD and DUF283 domains. The model measures the distance from the 3 0 end binding pocket of hDicer's PAZ domain to the RNase IIIa catalytic site as about 58 Å , shorter than the 65 Å distance for GiDicer. Based on the ''3 0 counting model'' (Macrae et al., 2006) , which hypothesizes the length of RNA product to be determined by measuring the cleavage site from dsRNA's 3 0 end, the RNA products cleaved by hDicer should have a length of $22 bp, whereas those by GiDicer are $25 bp ( Figure 4C ) (Macrae et al., 2006) . It is worth noting that the distance from the Platform domain's 5 0 phosphate-binding pocket to the RNase IIIb catalytic site is the same length as the $22 bp measurement, therefore also supporting the ''5 0 counting model'' (Park et al., 2011) .
Features of hDicer's DExD/H-Box Helicase Domain
Our structures of pre-let-7 bound to hDicer in an incompetent state indicate an important regulatory role by the terminal loop-binding domain, the DExD/H-box helicase domain, in the dicing reaction. Sequence alignment suggests that hDicer's DExD/H-box helicase domain is highly homologous to that of the RIG-I family of RNA helicase ( Figure S7B and Mendeley Data Figure 2 , https://doi.org/10.17632/bkz8c3js49.1) (Zou et al., 2009) . Based on the homology analysis, we further divided the DExD/H-box helicase domain into three domains: HEL1, HEL2i, and HEL2 ( Figures 5A and 5B ). The whole DExD/H-box helicase domain exhibits a C-shaped structure composed of three discrete domains with an arrangement similar to those of the RIG-I ( Figures 5B-5D ) (Kowalinski et al., 2011) . The very N-terminal HEL1 is located at the junction between the arms of the L and interacts with DUF283 and the RNase IIIb domains. HEL2 is positioned at the center of the C-shaped arrangement, whereas HEL2i sits at the tip of the short arm of the L. Both the HEL1 and HEL2 domains are characterized by four or five b strands surrounded by several a helices, and the HEL2i domain is featured by four antiparallel a helices that interact with the third dsRBD of TRBP ( Figures 5B and 5C ), in agreement with previous results (Wilson et al., 2015) . Besides the similar structure and spatial arrangement of the helicase domains of hDicer and RIG-I, a prominent a helix connecting the HEL1 and HEL2 domains exists in both proteins (Figures 5B, 5D , and 5E). This a helix is part of a two-stretch helix in RIG-I, known as the pincer motif, so we call it a pincer-like motif in hDicer (Figures 5B and 5C ). The pincer motif of RIG-I allows the HEL1 domain to adopt variable angular movement around the HEL2 and HEL2i modules in the ligand-free state (Zou et al., 2009) . As a matter of fact, when we performed further classification of the apo-hDicer-TRBP complex dataset around the DExD/H-box helicase domain, we obtained two major conformers of the complex sharing the same structure for their C-terminal regions but differing slightly in the orientation of their N-terminal helicase domains ( Figure 5C ), which indicated a flexible nature of this region ( Figure S2 ). Close inspection of the two reconstructions confirmed our previous observation that hDicer's HEL2 and HEL2i modules (the short arm of ''L'') show strong flexibility around the HEL1 domain (Taylor et al., 2013) . A comparison between the RIG-I helicase domains and hDicer helicase domains indicates the presence of highly conserved residues distributed on the concave surface of the C-shaped structure, which also interact with dsRNA substrates in RIG-I (Figures 5F and S7B) (Kowalinski et al., 2011) . Unexpectedly, the interface between the terminal loop of pre-let-7 and hDicer's DExD/H-box helicase domain within our hDicer-TRBP-pre-let-7 structure is not located on the concave surface of the C-shaped structure but on the boundary surface between HEL2i and HEL2 ( Figure 5E ). The boundary surface is mostly positively charged and highly conserved among Dicer proteins in higher organisms, in agreement with its property to bind the terminal loop of prelet-7 RNA ( Figure S7C and Mendeley Data Figure 3 , https://doi. org/10.17632/bkz8c3js49.1). The stable interaction between pre-let-7 and the DExD/H-box helicase domain in a dicing-incompetent state indicates two seemingly contradictory functions of the helicase domain: recruiting RNA substrates and inhibiting cleavage. We generated truncated hDicer constructs based on our structural model to investigate the roles of helicase domains in the RNA-dicing reaction ( Figure 6 ). As predicted, the deletion of helicase domains consecutively from the tip of the short arm of L-shaped hDicer dramatically reduced the binding affinity for pre-let-7 RNA (Figure 6C) . Interestingly, the dicing activity was enhanced in all the truncated mutants ( Figures 6B and S7A) . From an enzymatic point of view, the reduction of RNA's binding affinity is not necessarily accompanied with a reduction of the catalytic activity in the helicase domain truncated mutants. What we observed for the enhanced dicing activity of the mutants is an indicator that the dicing step might be a fast and transient process in hDicer's processing center. The high structural similarity and conservation of the hDicer's helicase domain with that of RIG-I suggests a potential process in which the pre-let-7's terminal loop transverses between the boundary surface formed by the HEL2i and HEL2 domains and the concave surface of the C-shaped DExD/ H-box helicase domain. Indeed, in a dicing-reaction condition with magnesium for pre-let-7, hDicer adopted major conformational changes in the DExD/H-box helicase domain ( Figures  S7D and S7E ).
DISCUSSION
Our reconstructions of hDicer-TRBP and hDicer-TRBP-pre-let-7 complexes allowed us to dissect the complexes as intact molecules and build an atomic model of the core processing unit and the N-terminal DExD/H-box helicase region of hDicer. Notwithstanding, there are still more than 500 aa residues of the protein that cannot be determined due to the flexible nature of the molecule ( Figure S3A ). Solution of the structure of fulllength hDicer at atomic resolution is still a very challenging task.
The crystal structure of dsRNA-bound AaRNase III revealed that a catalytic center is formed by a homodimer of two RNase III domains and two dsRBDs (Gan et al., 2006) . Human Dicer has a catalytic center formed by the intramolecular dimerized RNase IIIa and IIIb domains that mimics the homodimer of AaRNase III ( Figure S4D ). The C-terminal dsRBD and DUF283 domain within hDicer are located around the catalytic center in a similar fashion as with the two dsRBDs in the AaRNase III dimer ( Figure S4D) . Moreover, the non-catalytic assembly of the AaRNase III-dsRNA complex and the AaRNase III-product complex placed the RNA substrates and products in different locations (Blaszczyk et al., 2004; Gan et al., 2006) , indicating that the dsRBD and DUF283 domain within hDicer could play similar roles to those of the dsRBDs of AaRNase III dimers to switch RNA substrates and products during the reaction.
Until now, there has been no experimental 3D structure of any pre-miRNA in its free state. Our work here suggested that prelet-7 RNA, at least through in vitro synthesis and refolding, may adopt multiple conformations in solution as well as bound to the hDicer-TRBP complex. Whether this is a general property of other pre-miRNAs, especially in vivo, will need further study. But it may provide a possible mechanistic explanation of certain regulations via stem modification of pre-miRNAs such as the A-to-I edition. Given that no major conformational difference were observed within the protein region between the two hDicer-TRBP-pre-let-7 complex reconstructions at current resolution, we cannot tell for sure what structural elements are responsible for this kind of promotion. The protein complex may simply serve as an RNA chaperon to facilitate the RNA's conformational shift. It is worth noting that there are more than 1,800 species of pre-miRNAs (Griffiths-Jones, 2004 . The promotion of pre-miRNAs with various sequence and secondary structural compositions into a stem duplex before dicing would provide a convenient mechanism for hDicer's precise measurement of the substrates for dicing. Higher resolution of the structures may provide more detail of the mechanism in the future.
The DExD/H-box helicase domain located at the bottom of hDicer's processing center lends the enzyme more complicated RNA transaction behaviors than prokaryotic RNase III and GiDicer. Our structure of the pre-let-7-bound hDicer-TRBP complex showed an interaction between pre-let-7's terminal-loop region and the DExD/H-box helicase domain, implying that the structure of pre-miRNA's terminal loop may influence hDicer's RNA-dicing activity via potential allosteric effects by both the protein and/or the RNA molecule. These observations may also reflect another RNA cleavage-site selection mechanism, via the terminal loop, termed the ''loop-counting model'' (Gu et al., 2012) . The DExD/H-box helicase domain also serves as a platform for hDicer to bind to TRBP, which was shown previously to alter the cleavage pattern of pre-miRNAs (Lee and Doudna, 2012) and recruit Ago2 to load small RNA products generated by hDicer .
Although the structure of hDicer's dicing state on RNA substrates is still unknown, the reconstruction of the hDicer-TRBPpre-let-7 complex presented in the current work uncovered a non-catalytic state during the reaction cycle of RNA processing by hDicer. The melt of the hDicer-specific alpha-helix in its PAZ domain in the hDicer-TRBP-pre-let7 complex suggests that hDicer is in a cleavage-competent conformation, ready to dice the RNA substrate (Figure 7) . However, the N-terminal DExD/ H-box helicase domain holds the terminal loop of pre-let-7 from accessing hDicer's processing center. We postulate that this structure represents a pre-dicing state immediately after loading of the RNA substrate to hDicer and adjusting the Human Dicer recruits pre-let-7 in different conformations with the aid of TRBP. The hDicer-TRBP complex can promote the stability of pre-let-7's stem duplex in a pre-dicing state. The pre-let-7 is loaded into hDicer's processing center for precise dicing reaction by a potential major conformational change of the DExD/H-box helicase domain. After dicing, the cleaved products are released from the hDicer-TRBP complex. The dsRBD1 and dsRBD2 of TRBP bound to the RNA are not based on the experimental data but only shown as a demonstration.
RNA's conformation for a more stable stem duplex, potentially by the help of TRBP (Figure 7) . The fact that this structure dominates the single-particle population suggests it to be a relatively stable conformation. Therefore, the limiting step for RNA processing is probably the transition from this pre-dicing state to the competent catalytic state, which is likely to be accompanied by a major conformational change of hDicer and relocation of RNA substrates in the complex (Figure 7) .
During this limiting step, the conformational change of hDicer may cause the dsRNA portion of the stem loop or a pre-siRNA to protrude into the conserved, concave region of the DExD/ H-box helicase domain for a more rigid interaction with the RNA substrate. The helicase domains and the tandem dsRBDs of TRBP or PACT proteins may play roles cooperatively in adjusting the bound RNA substrate into the best configuration and position in hDicer's processing center, thus allowing a precise cleavage, as unveiled in earlier works (Noland et al., 2011; Taylor et al., 2013; Wilson et al., 2015) . This precise positioning of the RNA substrate is then followed by a classical RNase III cleavage to generate diced small dsRNAs and a residual stem loop. Products are later released into solution or loaded to RISC complexes by a mechanism yet to be discovered (Figure 7) . The difficulty to capture the active dicing state of hDicer on its RNA substrate in our experimental conditions suggests that the dicing state might be a rather fast catalytic reaction step followed by the product release. A plausible triggering mechanism of the dicing process might be caused by a Brownian-ratchet-like motion of the DExD/H-box helicase domain relative to the processing center. The energy of the reaction could come from the hydrolysis of RNA strands. The dicing state and other functional states of hDicer in small RNA biogenesis are awaiting to be further revealed both structurally and mechanistically.
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EXPERIMENTAL MODEL AND SUBJECT DETAILS
Cell culture
The FreeStyle 293-F cell line (ThermoFisher) is derived from the 293 cell line (HEK293) which is a permanent line established from normal human embryonic kidney cells transformed with sheared human adenovirus type 5DNA (Graham et al., 1977) . HEK293 cells have a complex karyotype that contains multiple X chromosomes and lack of any trace of Y chromosome derived sequence, which suggests that the source fetus was female (Lin et al., 2014) ). The expressed adenovirus E1A protein joins in transactivation of some viral promoters to increase the expression levels of proteins. The FreeStyle 293-F cell line is a variant of the 293 cell line that has been 
METHOD DETAILS
Recombinant construct preparation and protein expression In order to purify the apo-hDicer, hDicer was fused into a plasmid with 2x-Strep tag. Primers containing KpnI and Xho I restriction enzymes were used to amplify the coding region from the recombinant pFastBac-hDicer plasmid (kindly gifted by the Doudna Lab) (forward primer: 5 0 -GGGGTACCATGAAAAGCCCTGCTTTG-3 0 , reverse primer: 5 0 -CCGCTCGAGCGGTCAGCTATTG GGAACCTG-3 0 ). For the hDicer-TRBP complex, hDicer and TRBP were fused to Vsv-G-tag and 2x-Strep tag, respectively. To construct the vectors expressing Vsv-G-tagged hDicer protein and 2x-Strep-tagged TRBP, templates prepared from recombinant pFastBac-hDicer plasmid and pet28-MBP-TRBP plasmid (kindly gifted by the Doudna Lab) were used to amplify the coding region of hDicer and human TRBP, respectively (hDicer forward primer: 5 0 -CGAATTCGCGGCCGCTATGAAAAGCCCTGCTTTGCAACC-3 0 , hDicer reverse primer: 5 0 -GCAAGCTTCTCGAGTCAGCTATTGGGAACCTGAG-3 0 , TRBP forward primers: 5 0 -CGACGCGTATGAG TGAAGAGGAGCAAGG-3 0 , TRBP reverse primers: 5 0 -AAGGAAAAAAGCGGCCGCAAAAGGAAAATCACTTGCTGCCTGCCATGATC TTGAGG). Xho I and Not I were used to cleave the amplified Vsv-G-hDicer products. Mlu I and Not I were used to cleave the amplified TRBP products. All the cleaved fragments were subsequently inserted into the pCAG vector (Matsuda and Cepko, 2004) . For the constructs expressing DHEL2i, DHEL2+2i and DDExD/H-box helicase hDicer protein, Q5 Site-Directed Mutagenesis Kit (NEB Inc.) were used to delete the HEL2i, HEL2+2i and DExD/H-box helicase based on the 2x-Strep-tagged hDicer vector. For the expression of apo-hDicer, hDicer-TRBP complex and fragment truncated hDicer, HEK293F cells (Sino Biological Inc.) were grown in suspension culture (SMM293T-I medium from Sino Biological Inc.) at 37 C under 8% CO 2 . When the cell density reached 1.5 3 10 6 cells per ml, the pCAG-Vsv-G-hDicer vector and pCAG-2x-Strep-TRBP vector were co-transfected into cells with a ratio of 1:2. For one liter of cell culture, 1.0 mg of plasmid and 2.0 mg PEI (25-kDa linear polyethylenimines, Polysciences) were each added to a 20 ml fresh cell culture medium solution and incubated for 10-15 min separately at room temperature. The plasmid and PEI solution were then mixed together and incubated for another 15-30 min at room temperature before transfection. Transfected cells were cultured in suspension for 48 hr before harvesting. This procedure was also used to express the 2x-Strep-tagged hDicer and truncated hDicer proteins.
Purification of Strep-tagged proteins
Cells transfected with the pCAG vector expressing human Dicer and TRBP were pelleted at 700 g. The cells were then re-suspended with ice cooled lysis buffer containing 100 mM Tris-HCl (pH 8.0), 150 mM NaCl, 1% Triton X-100, 1 mM DTT, 1 mM PMSF, 2 mM EDTA and protease inhibitor cocktails (Roche). The suspended cells were placed at 4 C and shaken gently for 20 min. The suspension was centrifuged at 30,000 rpm (Ti 75 rotor, Beckman Coulter, Inc) for 1 hr. The supernatant was filtered through a 0.22 mm filter (Millipore) and loaded onto a column packed with 1 mL Strep-Tactin @Sepharose (IBA Life Science). The column was washed with 100 mL of washing buffer containing 100 mM Tris-HCl (pH 8.0), 300 mM NaCl, 1 mM DTT, 2 mM EDTA and 1 mM PMSF. The human Dicer-TRBP complex were then eluted with 5 mL elution buffer containing 100 mM Tris-HCl (pH 8.0), 150 mM NaCl, 1 mM DTT, 2 mM EDTA and 2.5 mM desthiobiotin (Sigma-Aldrich). Protein solutions were pooled together and concentrated to 4 mg/ml for storage with a 100 kDa cut-off Centricon (Millipore). The concentrated solution was subjected to size exclusion column (Superose TM 6 Increase 5/150 GL, GE Healthcare) equilibrated with gel filtration buffer containing 50 mM Tris-HCl (pH 8.0), 100 mM NaCl, 1 mM DTT, 2 mM EDTA. All the above operations were executed in a 4 C cold room. The very similar method was also applied to purify the 2x-Strep-tagged hDicer and truncated hDicer proteins.
In vitro reconstitution of the hDicer-TRBP-pre-let-7 complex The pre-let-7 RNA (5 0 -UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUG UCUUACC-3 0 ) was synthesized by Genescript Inc. In order to form the hairpin pre-let-7, we heated the RNA at 90 C for 3 min then snap-cooled it on ice for 5 min. The purity and homogeneity of the RNA was verified by native and denature gel electrophoresis before all experiments. In order to reconstitute the hDicer-TRBP-pre-let-7 complex, we mixed $200 mg (0.8 nmol) hDicer-TRBP complex and $54 mg (2.3 nmol) pre-let-7 RNA in 50 ml of gel filtration buffer containing 2 mM Ca 2+ and incubated the mixture on ice for 40 min. After this, the mixture was applied to a Superose 6 Increase 5/150 GL (GE Healthcare) column installed on an Ä KTAmicro (GE Healthcare) equilibrated in gel filtration buffer containing 2 mM Ca
2+
. Fractions containing the hDicer-TRBP-prelet-7 complex were collected at a final concentration of $0.4 mg/ml.
Dicing-activity assay
The modified pre-let-7 RNA (5 0 -6-FAM-UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACAC CCACCACUGGGAGAUAACUAU ACAAUCUACUGUCUUACC-3 0 , RNA was synthesized by Genescript Inc.) was used in dicing assay. All proteins were replaced with the reaction buffer containing 30 mM Tris-HCl (pH 6.8), 50 mM NaCl, 2 mM MgCl2, 0.1% Triton X-100, 15 ± 25% glycerol and 1 mM DTT through a desalting column just before the dicing activity assays. We mixed 2 ml of 20 nM FAM labeled pre-let-7 with 2 ml of 100 nM hDicer in a final 15 ml reaction solution and incubated the solution at 37
C with a time course as mentioned in the maintext. The reaction was stopped with RNA loading buffer containing 8 M Urea, 1 x TBE, 0.05% Bromphenol blue and 0.05% Xylene cyanol, boiled for 4 min, and subsequently chilled on ice. RNA products were analyzed on 18% polyacrylamide, 8 M urea denaturing gel electrophoresis, and visualized with a Typhoon Trio Imager (Amersham Biosciences).
Electrophoretic mobility shift assay (EMSA) For EMSA, pre-let-7 labeled with FAM at the 5 0 terminus was incubated with different hDicer constructs on ice for 40 min in a 20 ml volume containing 30 mM Tris-HCl (pH 6.8), 25 mM NaCl, 2 mM MgCl2, 1 mM DTT and 2 mM EDTA. Mutant Dicer was added with increasing concentrations of 0, 15, 35, 65, 125, 250, 500, 1000, 2000 nM in lanes 1-9. And each lane contained an approximately 100 pM 5 0 FAM-labeled pre-let-7. Samples were resolved through 6% native acrylamide gels in 0.5 3 Tris-glycine buffer under an electric field of 15 V/cm for 70 min and the gels were subsequently visualized with a Typhoon Trio Imager (Amersham Biosciences).
RNA-probing assay and RNase limited-digestion assay RNA probing assay was performed as previously described (Spitale et al., 2015) . Briefly, free pre-let-7 was prepared as in the cryo-EM studies and dicing assays. To study the conformational effect of proteins on pre-let-7, hDicer-TRBP were pre-incubated with pre-let-7 on ice for 30 min. For the RNA probing, chemical NAI-N3 was added to the sample to a final concentration 100 mM, mixed gently, and incubated at 37 C for 10 min. 35 ml of buffer RLT was added to stop the reaction on ice. The RNA was purified with an RNeasy mini column and eluted with 50 ml of pure water twice (100 ml final volume). The modified RNA was captured with DIBO-biotin at 37 C for 2 hr incubation and then purified with the Zymo RNA kit. It was then subjected to end repair, linker ligation and reverse transcription. Transcribed cDNA was enriched by biotin together with the RNA moiety. cDNA libraries were amplified using qPCR with about 13-15 cycles. The library was then sequenced using Illumina X-ten pair-end 150 sequencing. Only the left reads were used for the analysis. After removing duplicated reads and trimming of PCR primers, reads longer than 25nt were kept for further analysis. The next pipeline is done using the icSHAPE protocol (Flynn et al., 2016) .
All RNase digestion assay were performed in solutions without Mg 2+ except special indication. RNase cleavage reactions were performed with buffer containing 350 nM NaCl, 50 mM Tris-HCl (pH 8.0), 1 mM DTT at 37 C for 2 min. pre-let-7 (40 nM), hDicer-TRBP (1 mg/ml), RNase A (0.1 mg/ml), BSA (1 mg/ml) were added in the reaction with indicated volumes on top of each lane. Pre-let-7 labeled with FAM at the 5 0 terminus was used in the RNase digestion assay.
Cryo-EM specimen preparation and data acquisition
The purified hDicer-TRBP or hDicer-TRBP-pre-let-7 complex was diluted to a concentration of about 2 mM in a buffer containing 50 mM Tris, pH 8.0, 150 mM NaCl, 1 mM DTT (and additional 2 mM CaCl 2 for hDicer-TRBP-pre-let-7 complex) immediately before preparing the frozen-hydrated grids. We found the following grid preparation conditions critical to make good frozen-hydrated grids of hDicer-TRBP and hDicer-TRBP-pre-let-7 complexes. We first evaporated a layer of 40 nm thick gold foil over a gold Quantifoil holey carbon grid (R1.2/1.3) using a gold sputter (HITACHI) and then removed the carbon film on the back of the grid in a plasmacleaning instrument (TED PELLA INC.) for 10 min. The grid treated as above was glow-discharged immediately before making the cryo-EM specimen. In an FEI Vitrobot Mark VI, we placed 4 ml of the protein or protein-RNA complexes onto the grid, blotted the grid 3.0 s in 100% humidity at 22 C, and plunged the grid in liquid ethane cooled by liquid nitrogen. For hDicer-TRBP sample, the frozen-dehydrated grid was transferred to a Titan Krios electron microscope equipped with a Gatan K2 Summit direct-electron counting camera for examination and data acquisition. The microscope was operated at 300 kV, and images of the specimen were recorded with a defocus range of À2.5 to À3.5 mm in super resolution mode of the K2 camera, yielding a pixel size of 0.653 Å . A total of 7,581 32-frame movie stacks of the Dicer-TRBP complex were recorded using the semi-automated low-dose acquisition program UCSF-Image4 (Li et al., 2015) , with an electron dose rate of 6.25 electrons per Å 2 per second and total exposure time of 8 s. Thus, the total accumulated dose on the specimen was about 50 electrons per Å 2 and each frame had an exposure time of 0.25 s. The hDicer-TRBP-pre-let-7 data were collected on a Titan Krios electron microscope operated at 300ckV equipped with a Cs-corrector and a Gatan K2 Summit direct electron detection camera (Gatan) using AutoEMation. We collected 2,849 32-frame movie stacks in super-resolution mode with a pixel size of 0.685cÅ across a defocus range of À2.5 to À3.5cmm. The total dose also 50 e À /Å 2 , was attained by using 5.44cs exposure time.
Image processing of electron micrographs For each movie stack, the 32 frames collected from the K2 Summit camera were decimated twice, aligned and summed together using the frame-based motion correction algorithm to generate a motion-corrected micrograph stack for further image processing using the MotionCorr software (Li et al., 2013) . The motion-corrected stacks were future aligned and dose-weighted by MotionCor2 (Zheng et al., 2017) . The contrast-transfer function (CTF) parameters of each micrograph were determined using CTFFIND4 (Mindell and Grigorieff, 2003) . Approximately 10,000 particles of each dataset were semi-automatically picked using EMAN2 from $50 micrographs (Tang et al., 2007) and subjected to reference-free 2D-classification in RELION (Scheres, 2012) . The best representative 2D class averages were selected as templates for automatic particle picking of all the micrographs in RELION. The whole set of particles were cleaned to remove ice contaminants or junk particles by one round of 2D classification and one round of reference-based 3D-classification using an initial 3D model from our previous reconstruction of hDicer (EMD-5601), low-pass filtered to 60 Å . Both of the two datasets, only one class showed structural features of higher detail after the 3D-classification and particles in this class was selected for 3D auto-refinement separately. For the hDicer-TRBP dataset, we did further 3D-classification and two minuscule different maps were reconstructed. For the hDicer-TRBP-pre-let7 dataset, we focused on the more flexible pre-let7 loop region and did further 3D classification by applying a local mask. We did not perform image alignment during this step. Finally, two obvious different conformational reconstructions were generated after 3D auto-refinement and post-processing in RELION.
More details related to data processing are summarized in Table S1 .
Model building of the cryo-EM maps
We first used Phyre online server to get the initial model of hDicer (Kelley and Sternberg, 2009) . Phyre took the sequence information provided by the user to search the whole Protein Data Bank for homologous structure and generated several models based on different PDBs. Phyre also provided the confidence values of the models. Confidence value represented the homologous degree between target sequence and reference. For residues 44-593, almost all the models given by Phyre were similar and we chose the highest confidence one (confidence: 100) that was based on the structure of MDA5 (PDB: 4GL2). For residues 624-726, we chose the best fitted 2KOU as reference, the corresponding confidence value was also 100. For residues 1286-1620, Phyre gave only one model based on the Drosha structure (PDB: 5B16). For residues 1653-1912, we chose the RNase IIIb of mouse dicer (PDB: 3C4T) with 96% of common sequence to hDicer as the template. We used a rigid-body fitting to dock the dsRBD domain into the low-passed filtered 3D map, in which a prominent extra density attached to the RNase IIIb domain exists. For residues 266-387 (PDB: 4WYQ) and 764-1073 (PDB: 4NGD), the available crystal structures were directly used. We docked all the atomic models of separated domains in our EM map in UCSF-Chimera (Pettersen et al., 2004) and merged all the coordinates into one PDB file in Coot (Emsley and Cowtan, 2004) . 1,314 residues were modeled in a final hDicer, accounting for about 70% of the molecule. The atomic model of TRBP residues 289-263 were taken from PDB 4WYQ. A final merged atomic model was further refined against the Dicer-TRBP 3D map with stereochemical and secondary structure restraints using phenix.real_space_refine in the Phenix software (Adams et al., 2010) . For the Dicer-TRBP-pre-let-7 complex, the 3D model of pre-let-7 RNA was obtained using an online RNA 3D structural prediction server RNAcomposer (Purzycka et al., 2015) . We docked the atomic models of Dicer-TRBP and pre-let-7 separately in the 3D maps of hDicer-TRBP-pre-let-7 complex in UCSF-Chimera. Before the final model refinement in real space using Phenix, only the well fitted regions in the RNA models were kept.
Quantification and Statistical Analysis
For the quantification of the impact of HEL2i, HEL2+2i and DExD/H-box helicase domain on dicing activity ( Figures 6B and S7A ), measurements were carried out using the ImageJ. GraphPad Prism was used to perform the statistical analysis of measuring results. Each data point represents the average of three independent experiments. Error bars represent SD.
DATA AND SOFTWARE AVAILABILITY
Data resources
The accession numbers of the 4.4 Å resolution EM map of hDicer-TRBP complex, the 4.7 Å resolution EM map of hDicer-TRBP-prelet-7 class I complex and the 5.7 Å resolution EM map of hDicer-TRBP-pre-let-7 class II complex and their corresponding coordinates reported in this paper are EMDB: 6904, 6905, and 6906,and PDB: 5ZAK, 5ZAL, 5ZAM, respectively. The accession codes of the icSHAPE data are GSE110516.
